ABSTRACT:We compared the preoperative and postoperative pulmonary function of thirty-one scoliotic patients ranging in age from nine to twenty-five years. The mean postoperative follow-up period was three years and eight months. Twenty patients were treated by a posterior procedure with Harrington instrumentation. At more than two years postoperatively a significant im provement in the pulmonary function was noted, par ticularly in patients with a preoperative curve of less than 90 degrees (Cobb angle) and in those in whom the correction was greater than 30 per cent. The remaining eleven patients were treated by an anterior procedure, primarily a Dwyer operation, with or without posterior Harrington instrumentation. These patients manifested no remarkable improvement in pulmonary function more than two years after surgery; three patients showed deterioration. The results of tests performed less than two years postoperatively showed no improvement in pulmonary function, irrespective of the types of as sessments used.
We attribute our long-term improvements to a shortening of the postoperative period of plaster-cast immobilization and to the use of a plastic corset which allowed relatively free chest motion. We suggest that the Dwyer operation should be restricted to patients with a severe spinal deformity.
Previously reported observations regarding the cardiopulmonary function and the natural history of scoliotic patients1"3'5'6'18 '19'22"24 clearly indicate that severe scoliosis greatly affects cardiopulmonary function and that, particu larly in the surgical treatment of scoliosis, the primary aim should be to improve this function.
In the present study we evaluated the effect of surgical correction of scoliosis on the pulmonary function of thirty-* Read in part at the Annual Meeting of the Japanese Orthopaedic Association, April 11, 1979. t Department of Orthopaedic Surgery, University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo 113, Japan.
one patients by comparing the results of preoperative and postoperative routine pulmonary-function tests and arterial blood-gas analyses.
Material
From 1973 to 1978, forty-six scoliotic patients under went surgery at the Tokyo University Hospital and at the Toranomon Hospital. Of these, fifteen were excluded from the present study because they were younger than six years old at the time of surgery or because of insufficient available data. The remaining thirty-one (eighteen female and thirteen male) patients were last examined not less than two years postoperatively. There were twenty patients with idiopathic scoliosis, four who had had poliomyelitis, one paraplegic patient, two with congenital scoliosis, two patients with neurofibromatosis, one with a myopathy, and one with Marfan's syndrome (Tables 1 and II) .
The mean age at the first preoperative examination was seventeen years and four months (range, nine to twenty-five years). At the last postoperative examination the mean age was 20.5 years. The mean postoperative follow-up period was three years and eight months.
Operative Methods
The thirty-one patients were divided into two groups according to the operative procedure employed. There were twenty patients who had a posterior procedure. Harringtonrod instrumentation and posterior spine fusion with iliac bone-grafting17 was the operation primarily used in this group. Of these twenty patients, four underwent additional subsequent surgical procedures: one had a laminectomy and three, a rod reinsertion (Table I) . There were eleven patients who had an anterior procedure; the types of operations used are shown in Table II. Most patients were treated preoperatively with some form of traction; however, no specific breathing exercises were instituted preoperatively or postoperatively. A Risser plaster cast was applied two weeks after the Harrington in strumentation and the patients then were allowed to walk. PatternT7-L2T7-L2T7-L1T5-T10T4-T11T5-L1T6-T12T8-L2T11-L3T4-T8/T8-L4T7-T10T5-T12T5-T11T4-T11/T11-L4T5-T11T9 The cast was worn for three to four months, and then was replaced by a plastic corset which was worn for the remain der of the first postoperative year. During this time the pa tients were allowed to take showers two or three times a week and deep breathing was encouraged. A Dwyer procedure and anterior fusion was done via a transpleural and retroperitoneal exposure7. In patients un dergoing combined anterior and posterior procedures, the anterior procedure was usually performed first, followed several weeks later by Harrington instrumentation. Post operative management was as described for the patients who had undergone the Harrington operation.
All patients discarded their corsets during the second postoperative year and no sports activity was permitted until after the second postoperative year.
Harrington instrumentation was the only surgical pro cedure that was performed primarily in patients with idiopathic or other types of scoliosis in which the curve was flexible and measured less than 90 degrees (Cobb angle). Combined anterior and posterior procedures were carried out in patients with severe paralytic or idiopathic scoliosis manifesting a severely rotated and rigid curve.
Evaluation of Pulmonary Function
Preoperative pulmonary evaluation was performed within a few weeks before surgery, and postoperative eval uation was started one year after surgery and repeated an nually for as long as possible. The lung volume was mea sured on a Godait spirometer, using the helium dilution technique, with the patient in the sitting position4. Pulmo nary ventilation was measured with the patient standing up right, and a 13.5-liter Benedict-Roth spirometer was em ployed . To compare preoperative and postoperative values, the percentage of predicted normal values15'16 was used.
According to the suggestions of Gazioglu et al. and Hepper et al., the corrected rather than the actual height of the pa tient was utilized in the calculations, and the arm span was used for the estimation. The formula to obtain the correla tion between arm span and body height was derived from our survey of 400 children between the ages of six and se venteen years. Arterial blood samples, obtained from the patients after they had remained in a recumbent position for ten minutes, were analyzed on an Astrup analyzer.
Results
For the twenty patients treated by the posterior proce dure, the mean age was fifteen years and five months at the time of the initial examination. The mean follow-up period in this group was three years and eight months. The mean Cobb angle was 70 degrees preoperatively and 48 degrees postoperatively. The mean correction was 32 per cent (Table I) . For the eleven patients treated by the anterior proce dure, the mean age at the initial examination was 17.5 years, and the mean follow-up period was three years and nine months. The mean Cobb angle was 100 degrees preoperatively and 63 degrees postoperatively. The mean correction was 42 per cent (Table II) .
In all but two patients in each group (Cases 15, 20, 26, and 27) skeletal growth had been completed at the last post operative examination.
The preoperative and postoperative results of the respiratory function tests are summarized in Table III. To test whether individual patients had improvement postoperatively, a scoring system was devised. Each respi ratory parameter showing postoperative improvement of at least 15 per cent was assigned a value of +1. A value of -1 was assigned to parameters showing a 15 per cent postoperative decline. If the postoperative arterial oxygen partial pressure was at least ten millimeters of mercury above the preoperative level, a +1 value was given. A â€" 1 value was assigned when the postoperative level was at least ten millimeters of mercury below the preoperative level. Otherwise, respiratory function or arterial oxygen partial pressure was scored as zero. The total score for pulmonary function was then determined: if it was posi tive, it indicated improvement; if it was negative, it re vealed a postoperative worsening of the patient's condi tion; and if it was zero, no postoperative change had oc curred.
At less than two years postoperatively, there were no significant changes from the preoperative values in the pa tients who had a posterior procedure. However, the vital capacity in those with an anterior procedure was sig nificantly (p < 0.05) lower than the preoperative values (Table III) .
The same studies were repeated more than two years postoperatively. As shown in Table III , patients who had been treated with a posterior procedure showed a sig nificant increase in vital capacity, total lung volume, functional residual capacity, maximum ventilatory vol ume, and maximum mid-flow rate. On the other hand, no such findings were obtained in those who had had an an terior procedure. There was no significant difference be tween the preoperative and postoperative levels of arterial oxygen partial pressure in either group of patients. Eleven of the twenty patients with a posterior procedure showed more than a 30 per cent correction of the curve. Table IV shows the results of the respiratory function tests that were performed more than two years postoperatively in patients classified according to the amount of curve cor rection. Better results were obviously obtained in patients with a higher percentage (more than 30 per cent) of cor rection.
The twenty patients with a posterior procedure were subdivided into two groups according to whether the preoperative Cobb angle was more or less than 90 degrees. As shown in provement in respiratory reserve, while the other seven patients did not. However, based on our scoring method, seventeen of the twenty patients with the posterior procedure showed some improvement in postoperative pulmonary function. The remaining three patients showed no change. Of the eleven patients treated by the anterior procedure, four showed some (not statistically significant) improvement, four revealed no change, and three had worsening.
Over-all, of the thirty-one patients in our series, twenty-one (67.7 per cent) showed postoperative im provement, seven (22.6 per cent) demonstrated no change, and three (9.7 per cent) worsened postoperatively. Two of the three patients whose condition worsened postopera tively (Cases 23 and 25) had been treated by a Dwyer op eration for idiopathic scoliosis and one (Case 27), a patient with neurofibromatosis, had been treated by a combination of a Dwyer procedure and Harrington instrumentation.
Discussion
There have been several studies of the effect on pul monary function of scoliosis and its treatment. In their classic report, Bergofsky et al. studied pulmonary function in twenty-seven patients, mostly forty years old or more, with severe kyphoscoliosis; they concluded that the fre quent occurrence of cardiorespiratory failure in this dis ease was due to alveolar hypoventilation and cor pulmonale. The hypoventilation was characteristically at tributable to the thoracic deformity of the kyphoscoliosis. The cor pulmonale was primarily the result of pulmonary hypertension due to vessels being compressed in the characteristically poorly developed, smaller-than-normal lungs of these patients. Ting and Lyons reported that the compliance of the respiratory system in scoliotic patients was approximately one-third of normal, mostly because of a decrease in thoracic compliance. Both studies suggested that late cardiopulmonary failure in scoliotic patients is probably attributable to a decrease in compliance of the thorax.
On the other hand, Caro and DuBois studied seven scoliotic children, seven to fifteen years old, who had normal thoracic compliance but decreased compliance of the lungs. They suggested that the rigidity of the chest cage was a late complication of scoliosis. Early in the course of the disease there was decreased lung com pliance, probably due to obstruction of the peripheral air way. The authors reproduced the pulmonary changes they found in scoliosis by tightly strapping the chests of normal men and causing parts of the lung to become occluded to ventilation. They emphasized that the aim of orthopaedic treatment of kyphoscoliosis should be to correct the spinal curve without further interfering with the expansion of the chest cage. Any long-term restriction of chest expansion, as in a tight plaster body jacket, might lead to permanent occlusion of additional regions of the lung from ventila tion, or to a decrease in the mobility of the chest wall. Bjure et al. proved that closure of the peripheral airways occurs in the lungs of scoliotic patients as shown by 133xe-non bolus-injection techniques and as Caro and DuBois suggested. In the series of Bjure et al., in six of nineteen subjects who were younger than forty years old, closure of the airways began at lung volumes greater than the functional residual volume, the usual resting expiratory level, whereas it normally occurred at a lung volume below the functional residual volume in patients of that age. The alveoli that were closed, and therefore unable to take in oxygen, created a shunting effect, air being shunted to those alveoli that were still open. Dollery et al. and Shannon et al., using intravenous bolus injections of the non-soluble isotope 133xenon in scoliotic patients, noted hypoventilation and decreased perfusion restricted to the basal lung fields compared with the upper lung fields. In normal subjects there was pro gressively increasing ventilation craniocaudally. These re searchers attributed their findings to the compression of the extra-alveolar vessels in the deformed thorax of the scoliotic patients. They suggested that the vascular elas ticity decreases and the degree of compression increases as the severity of the deformity becomes more pronounced, eventually leading to irreversible changes in the pulmo nary vessels.
Shannon et al. showed that following surgical correc tion of kyphoscoliosis the physiological pulmonary dead space was decreased by 40 per cent, but in patients with a Cobb angle of greater than 65 degrees there was no sig nificant postoperative improvement in the regional perfu sion of the lungs. They attributed this finding to a possibly irreversible pulmonary change and suggested that surgery should be performed before the angle of curvature reaches 70 degrees.
Based on these previous studies, it is apparent that to improve the pulmonary function of scoliotic patients one must relieve the compression on the pulmonary paren chyma due to the deformation of the thorax before irrever sible changes in the vessels occur. Surgical stabilization of the spine and correction of the deformed thorax should serve this purpose.
At present there are two general points of view re garding the effect of spine fusion in patients with scoliosis. The opinion most widely held is that it averts the progres sive deterioration of pulmonary function which, according to previous reports, worsens as the severity of an abnormal curve increases13>17>21. Some authors have believed that surgery actually improves the pulmonary function. Gucker, Takahashi, and Makley et al. subscribed to the former opinion, but it must be recognized that their results were all obtained before Harrington instrumentation was introduced. As to the latter idea, Westigate and Moe studied seventy-four patients between the ages of four and forty years old with diagnoses of post-poliomyelitic, idiopathic, and congenital scoliosis. The mean Cobb angle in their series was 87 degrees. All of their patients were treated by Harrington instrumentation. In thirty-one of them a comparison of the preoperative and postoperative (more than one year after surgery) vital capacity and maximum breathing capacity showed that there was a postoperative decrease in both in most patients. In ten of their patients the arterial oxygen saturation improved from a preoperative value of 93.5 per cent to a postoperative value of 95.2 per cent. Therefore, Westigate and Moe came to the conclusion that the Harrington method did not improve the average vital capacity or the maximum breath ing capacity, but could improve somewhat the arterial oxygen saturation.
Meister and Heine noted no improvement in the vital capacity, total lung volume, residual volume, or arterial oxygen partial pressure one year after Harrington in strumentation in thirty idiopathic scoliotic patients who were between the ages of twelve and nineteen years and had a mean preoperative Cobb angle of 79 degrees. They stressed the importance of surgical intervention before de terioration of pulmonary function occurs.
Zorab et al. reported the absence of any real im provement in the lung volume of forty-three scoliotic pa tients (eleven to twenty years old) with a mean Cobb angle of 92 degrees who were followed for a prolonged period. However, they gave no details on the type of surgery per formed on their patients.
Gazioglu et al., on the other hand, reported improve ment in pulmonary function in thirty-three patients with idiopathic scoliosis whose mean age was fifteen years old when they were operated on. They were all treated by Harrington instrumentation and had a mean preoperative Cobb angle of 62 degrees. The postoperative angle aver aged 21 degrees, so that mean correction was 67 per cent. Seventeen of these patients manifested abnormal pulmo nary function preoperatively, and postoperatively twelve of them showed improvement. The remaining sixteen pa tients had normal pulmonary function both preoperatively and postoperatively. The vital capacity and total lung capacity of these patients increased postoperatively by more than 18 per cent. The maximum expiratory mid-flow rate increased by 15 per cent. Gazioglu et al. stated that the correction of the spinal curve was the factor that improved the pulmonary status in their patients.
Lindh and Bjure studied eighty-seven patients with idiopathic scoliosis and five with paralytic scoliosis whose mean age was fifteen years at the time of spine fusion. The mean preoperative curve was 72 degrees in the patients with idiopathic scoliosis and 99 degrees in those with paralytic scoliosis. The average correction was 46 per cent. There was a 10 per cent average increase in lung vol- urne more than eighteen months postoperatively in sixtythree patients, all of whom were treated by Harrington in strumentation.
In our series, the twenty patients who had Harrington procedures were nine to twenty-three years old when op erated on, with a mean age of fifteen years. All of them were observed more than two years postoperatively. The mean preoperative Cobb angle was 70 degrees and the postoperative angle was 48 degrees. While we realize that our patients had slightly more severe curves and more im paired pulmonary function compared with the patients of Gazioglu et al. and of Lindh and Bjure, we believe that our series was essentially similar. Our series, like theirs, showed statistically significant improvement in the pulmo nary function tests more than two years after the surgery was done.
With reference to the changes in pulmonary function over time, both Westigate and Moe and Gazioglu et al. noted no significant difference in postoperative pulmonary function of the scoliotic patients when comparing findings at one year with those at more than one year after sur gery. Lindh and Bjure reported that after a prolonged follow-up, pulmonary function in patients treated by Har rington instrumentation showed a tendency to improve ment. Our study showed that when the same patients were tested less than and more than two years postoperatively, better results were obtained at the last examination, irre spective of whether the fusion was posterior or anterior (Table IV) . These findings support our clinical impression that, in most patients, at least two years is required before optimum improvement is reached. The unsatisfactory re sults that Meister and Heine obtained might not have per sisted if their patients had been followed for more than two years postoperatively.
Our patients wore a Risser cast for three to four months postoperatively, so the duration of postoperative plaster-cast immobilization was shorter than that reported in other series17. Our use of a special plastic body corset for the remainder of the first postoperative year was de signed to facilitate relatively free movement of the chest.
Lindh and Bjure advocated the use of a Milwaukee brace postoperatively and attributed the improvement in pulmonary function in their patients largely to the use of this device. This type of postoperative management may indeed have beneficial effects on pulmonary function. Caro and DuBois indicated that a tight plaster cast might permanently occlude more regions of the lungs to ventila tion than were occluded because of the deformity itself.
In our series of patients who had Harrington in strumentation, better results were obtained in those in whom there was a higher percentage of correction of the Cobb angle. Gazioglu et al., however, found no correla tion between the amount of correction and the postopera tive improvement in pulmonary function. This difference in findings may be explained by the differences in the pa tients in our series compared with theirs. They had more patients with normal preoperative pulmonary function and relatively less severe curves.
However, in contrast, Lindh and Bjure reported better results in patients with a preoperative Cobb angle of more than 90 degrees than in those in whom this angle was less than 90 degrees, a result that is opposite to our findings. We cannot explain this discrepancy in results. Although the number of our patients is too small to view our results as conclusive, our findings are in accord with those of Shannon et al. who suggested that in patients with a curve of more than 70 degrees permanent damage to the pulmo nary circulation may have supervened.
In our group of patients who had anterior procedures there were more patients with a severe spinal deformity and paralytic scoliosis than in the group with posterior procedures and, in addition, a mean of two operations were performed in the anterior-procedure group. These two groups of patients, therefore, cannot be compared as to the effectiveness of the two types of operation in im proving pulmonary function.
Nevertheless, it should be emphasized that there was a remarkable difference in results between the two groups: no postoperative deterioration of pulmonary function was noted in the patients with the posterior procedure, while of eleven patients treated by the anterior procedure, three (Cases 23, 25, and 27) who had undergone a Dwyer pro cedure showed distinct worsening of pulmonary function. In Cases 23 and 27 this may be explained by the fact that the kyphosis was exacerbated postoperatively. In Case 25 our explanation is that atelectasis occurred intraoperatively, necessitating tracheostomy. These two complica tions may have been responsible for the deterioration in pulmonary function observed postoperatively in these three patients; the complications were not observed in the remaining patients with the anterior procedure.
There have been, to our knowledge, no previously published studies on pulmonary function after anterior spine fusion (the Dwyer procedure). Considering the ex tent of surgical intervention involved, including transverse section of muscles (the latissimus dorsi muscle and the di aphragm in particular) and resection of at least one rib, and considering the likelihood of postoperative pleural adhe sions and atelectasis in some patients7, we suggest that Harrington instrumentation should be preferred as the pro cedure of choice in most patients.
Admittedly, the Dwyer procedure is most efficacious in stabilizing the collapsing spine in patients with more se vere curves such as are seen in post-poliomyelitic scoliosis20. In three of our patients (Cases 28, 30, and 31) the curve exceeded 120 degrees, and they were treated by the Dwyer procedure. Their postoperative tests showed no deterioration of pulmonary function and, in fact, one of them (Case 28) demonstrated an improvement in the re gional lung perfusion, as evidenced by technetium-99m macroaggregated albumin scintigraphy, which was per formed preoperatively as well as three years after surgery. The number of our patients with the anterior procedure therefore may not be large enough to allow one to prog nosticate on the effects of that procedure on pulmonary function. 
